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ABSTRACT

A Zoom lens includes first to third lens units having positive,
negative, and positive refractive power, respectively, and a
rear lens group having positive refractive power. An aperture
stop is arranged between a lens Surface of the second lens unit
closest to the image side and a lens Surface of the third lens
unit closest to the image side. The third lens unit includes first
and second positive lenses each including an aspheric Surface,
and a negative lens. In the third lens unit, a refractive index of
the first positive lens, and an Abbe number and relative partial
dispersion of the second positive lens are appropriately set.
18 Claims, 25 Drawing Sheets
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2
In addition, when using an aspheric Surface, it becomes
important to appropriately set a lens unit having an aspheric
Surface, the shape of an aspheric Surface, and the like.

ZOOM LENS AND IMAGE PICKUP
APPARATUS HAVING THE SAME
BACKGROUND OF THE INVENTION

SUMMARY OF THE INVENTION

1. Field of the Invention

The present invention relates to a Zoom lens and an image
pickup apparatus including a Zoom lens. The Zoom lens may
be particularly suitable for use in an image pickup apparatus,
Such as a video camera, a digital still camera, a broadcasting
camera, and a monitoring camera, or a camera using a silver

10

halide film.

2. Description of the Related Art
Deterioration of optical characteristics due to diffraction in
a photographic optical system having high resolution is non
negligible. Deterioration of image formation performance
due to diffraction is determined by an F-number (Fno) of the
photographic optical system. For this reason, the photo
graphic optical system is required to have a small full-aper
ture Fno. To reduce noise at the time of photography in a dark
place, the photographic optical system is required to maintain
a small Fino over the entire Zoom range.
In a photographic optical system with a small Fino, it is
important, in consideration of chromatic aberration, to reduce
chromatic spherical aberration equivalent to settlement con
dition (the degree of condensing) of light at a focus position
over the entire visible light region. In addition, it is important
to appropriately control axial chromatic aberration, which is
equivalent to controlling a difference in focus position at each
wavelength.
To maintain a Small Fino while realizing a high Zoom ratio,
the total lens length becomes long, and spherical aberration,
axial chromatic aberration, and a change in chromatic spheri
cal aberration upon Zooming become large. As a result, it
becomes difficult to obtain high optical performance over the
entire Zoom range. Therefore, it becomes important to opti
mize the material characteristics (an Abbe number and rela
tive partial dispersion) of lens units constituting a Zoom lens.
In a positive lead type Zoom lens in which a lens unit having
positive refractive power is arranged closest to the object side,
it is relatively easy to realize a high Zoom ratio, and a change
in Fno upon Zooming is Small.
There is known a Zoom lens including, in order from an
object side to an image side, a first lens unit having positive
refractive power, a second lens unit having negative refractive
power, a third lens unit having positive refractive power, and
a fourth lens unit having positive refractive power, with an
Fno of about 2 or less at a wide-angle end and 3 or less even
in the entire Zoom range.
Japanese Patent Application Laid-Open No. 2001-194586

15

unit and the third lens unit becomes Smaller, and a distance

25
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0gF32+0.005 vid32-0.5675.

Further features of the present invention will become
apparent from the following detailed description of exem
plary embodiments with reference to the attached drawings.
45

BRIEF DESCRIPTION OF THE DRAWINGS

50

Japanese Patent Application Laid-Open No. 2011-2503

FIG. 1 is a lens cross-sectional view at a wide-angle end of
a first exemplary embodiment of the present invention.
FIGS. 2A, 2B, and 2C are aberration diagrams at the wide
angle end, at a middle Zoom position, and at a telephoto end,
respectively, of the first exemplary embodiment of the present
invention.

discusses a Zoom lens with a Zoom ratio of about 4, an Fno at
55

to 2.76.

There is also known a Zoom lens including, in order from
an object side to animage side, a first lens unit having positive
refractive power, a second lens unit having negative refractive
power, a third lens unit having positive refractive power, a
fourth lens unit having negative refractive power, and a fifth
lens unit having positive refractive power (Japanese Patent
Application Laid-Open No. 2010-32700).
In a positive lead type Zoom lens including four or five lens
units, to obtain high optical performance over the entire Zoom
range, it is important to appropriately set refractive power, a
lens configuration, and other parameters of the third lens unit.

between the third lens unit and the rear lens group changes.
The rear lens group has positive refractive power in an entire
Zoom range from the wide-angel end to the telephoto end, and
an aperture stop is arranged between a lens Surface of the
second lens unit closest to the image side and a lens Surface of
the third lens unit closest to the image side. The third lens unit
includes, in order from the object side to the image side, a first
positive lens including an aspheric Surface, a second positive
lens including an aspheric Surface, and a negative lens. When
a refractive index of a material of the first positive lens at
d-line is nd31, and an Abbe number and relative partial dis
persion of a material of the second positive lens are vid32 and
0gF32, respectively, conditions below are satisfied:

35

discusses a Zoom lens with a Zoom ratio of 3 and an Fno of
2.06 to 2.74.

a wide-angle end of 1.85, and an Fno at a telephoto end of 2.53

The present invention is directed to a Zoom lens with the
entire Zoom lens being compact, and having a high Zoom
ratio, a small Fino in the entire Zoom range, and high optical
performance, and is also directed to an image pickup appa
ratus including the Zoom lens.
According to an aspect of the present invention, a Zoom
lens includes, in order from an object side to an image side, a
first lens unit having positive refractive power, a second lens
unit having negative refractive power, a third lens unit having
positive refractive power, and a rear lens group including one
or more lens units. At a telephoto end compared with a wide
angle end, a distance between the first lens unit and the second
lens unit becomes larger, a distance between the second lens

60
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FIG.3 is a lens cross-sectional view at a wide-angle end of
a second exemplary embodiment of the present invention.
FIGS. 4A, 4B, and 4C are aberration diagrams at the wide
angle end, at a middle Zoom position, and at a telephoto end,
respectively, of the second exemplary embodiment of the
present invention.
FIG. 5 is a lens cross-sectional view at a wide-angle end of
a third exemplary embodiment of the present invention.
FIGS. 6A, 6B, and 6C are aberration diagrams at the wide
angle end, at a middle Zoom position, and at a telephoto end,
respectively, of the third exemplary embodiment of the
present invention.
FIG. 7 is a lens cross-sectional view at a wide-angle end of
a fourth exemplary embodiment of the present invention.

US 8,873,155 B2
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FIGS. 8A, 8B, and 8C are aberration diagrams at the wide
angle end, at a middle Zoom position, and at a telephoto end,
respectively, of the fourth exemplary embodiment of the
present invention.
FIG. 9 is a lens cross-sectional view at a wide-angle end of
a fifth exemplary embodiment of the present invention.
FIGS. 10A, 10B, and 10C are aberration diagrams at the
wide-angle end, at a middle Zoom position, and at a telephoto
end, respectively, of the fifth exemplary embodiment of the
present invention.
FIG.11 is a lens cross-sectional view at a wide-angle end of
a sixth exemplary embodiment of the present invention.
FIGS. 12A, 12B, and 12C are aberration diagrams at the
wide-angle end, at a middle Zoom position, and at a telephoto
end, respectively, of the sixth exemplary embodiment of the
present invention.
FIG. 13 is a schematic view of main components of a
digital camera to which the Zoom lens according to an exem
plary embodiment of the present invention is applied.

10
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DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference

to the drawings.
A Zoom lens according to an exemplary embodiment of the
present invention includes, in order from an object side to an
image side, a first lens unit having positive refractive power,
a second lens unit having negative refractive power, a third
lens unit having positive refractive power, and a rear lens
group having one or more lens units. The rear lens group has
overall positive refractive power over the entire Zoom range.
At a telephoto end, compared with a wide-angle end, a dis

25

30

tance between the first lens unit and the second lens unit

becomes larger, a distance between the second lens unit and

35

the third lens unit becomes smaller, and a distance between

the third lens unit and the rear lens group changes.
An aperture stop is arranged between a lens Surface of the
second lens unit closest to the image side and a lens surface of
the third lens unit closest to the image side. The third lens unit
includes at least two positive lenses and at least one negative
lens. Each of the two positive lenses, arranged on the object
side, of the third lens unit has an aspheric Surface.
FIG. 1 is a lens cross-sectional view at a wide-angle end
(short focal length end) of a Zoom lens according to a first
exemplary embodiment of the present invention. FIGS. 2A,
2B, and 2C are aberration diagrams at the wide-angle end, at
a middle Zoom position, and at a telephoto end (long focal
length end), respectively, of the first exemplary embodiment
of the present invention. FIG. 3 is a lens cross-sectional view
at a wide-angle end of a Zoom lens according to a second
exemplary embodiment of the present invention. FIGS. 4A,
4B, and 4C are aberration diagrams at the wide-angle end, at
a middle Zoom position, and at a telephoto end, respectively,
of the second exemplary embodiment of the present inven
tion. FIG. 5 is a lens cross-sectional view at a wide-angle end
ofa Zoom lens according to a third exemplary embodiment of
the present invention. FIGS. 6A, 6B, and 6C are aberration
diagrams at the wide-angle end, at a middle Zoom position,
and at a telephoto end, respectively, of the third exemplary
embodiment of the present invention.
FIG. 7 is a lens cross-sectional view at a wide-angle end of
a Zoom lens according to a fourth exemplary embodiment of
the present invention. FIGS. 8A, 8B, and 8C are aberration
diagrams at the wide-angle end, at a middle Zoom position,
and at a telephoto end, respectively, of the fourth exemplary
embodiment of the present invention. FIG. 9 is a lens cross
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4
sectional view at a wide-angle end of a Zoom lens according
to a fifth exemplary embodiment of the present invention.
FIGS. 10A, 10B, and 10C are aberration diagrams at the
wide-angle end, at a middle Zoom position, and at a telephoto
end, respectively, of the fifth exemplary embodiment of the
present invention. FIG. 11 is a lens cross-sectional view at a
wide-angle end of a Zoom lens according to a sixth exemplary
embodiment of the present invention. FIGS. 12A, 12B, and
12C are aberration diagrams at the wide-angle end, at a
middle Zoom position, and at a telephoto end, respectively, of
the sixth exemplary embodiment of the present invention.
FIG. 13 is a schematic view of main components of a
camera (image pickup apparatus) having the Zoom lens
according to the exemplary embodiment of the present inven
tion. The Zoom lens of each exemplary embodiment is a
photographic lens system used for an image pickup apparatus
Such as a video camera and a digital camera. In the lens
cross-sectional views, the left side is the object side (front)
and the right side is the image side (rear). In the lens cross
sectional views, i represents the number of a lens unit counted
from the object side, and Li denotes the i-th lens unit. A rear
lens group LR includes one or more lens units.
An aperture stop SP is also illustrated. An optical block G.
is equivalent to, for example, an optical filter, a face plate, a
crystal low-pass filter, and an infrared cut filter. At an image
plane IP, an imaging Surface of a Solid-state image sensor
(photoelectric conversion element). Such as a charge-coupled
device (CCD) sensor and a complementary metal-oxide
semiconductor(CMOS) sensor, or a photosensitive surface of
a silver halide film or the like is arranged.
In the aberration diagrams, spherical aberration is illus
trated regarding the d-line, g-line, C-line, and F-line. In the
astigmatism diagrams, a dotted-line AM represents a meridi
onal image plane at the d-line, and a solid-line AS represents
a Sagittal image plane at the d-line. An alternate long and two
short dashes line represents a meridional image plane at the
g-line, and an alternate long and short dash line represents a
Sagittal image plane at the g-line. The g-line, the C-line, and
the F-line express lateral chromatic aberration. () represents a
half angle of view and Fno represents an F-number. In each of
the following exemplary embodiments, a wide-angle end and
a telephoto end are Zoom positions assumed when a Zooming
lens unit reaches the respective ends of a range in which the
lens unit can mechanically move on an optical axis.
The Zoom lens of each exemplary embodiment includes, in
order from an object side to an image side, a first lens unit L1
having positive refractive power, a second lens unit L2 having
negative refractive power, a third lens unit L3 having positive
refractive power, and a rear lens group LR including one or
more Subsequentlens units and having overall positive refrac
tive power. With the rear lens group LR having positive
refractive power, an off-axis ray passing through the rear lens
group LR is refracted in the direction of an optical axis,
thereby improving telecentricity. In addition, the back focus
is shortened to reduce the total lens length.
In the first to fifth exemplary embodiments, the rear lens
group LR includes one lens unit, i.e., a fourth lens unit L4
having positive refractive power. In the sixth exemplary
embodiment, the rear lens group LR includes two lens units,
i.e., a fourth lens unit L4 having negative refractive power and
a fifth lens unit L5 having positive refractive power.
In each exemplary embodiment, Zooming from a wide
angle end to a telephoto end is performed by moving the
respective lens units like arrows illustrated in the lens cross
sectional views. At this time, at the telephoto end, compared
with the wide-angle end, a distance between the first lens unit
L1 and the second lens unit L2 becomes larger, a distance

US 8,873,155 B2
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between the second lens unit L2 and the third lens unit L3

becomes Smaller, and a distance between the third lens unit

L3 and the rear lens group LR changes.
In the first to fourth exemplary embodiments, the first lens
unit L1 moves toward the image side and then toward the
object side during Zooming from a wide-angle end to a tele
photo end. That is, the first lens unit L1 moves with a locus
convex toward the image side (along a curve convex toward
the image side). The second lens unit L2 moves toward the
image side and then toward the object side. That is, the second
lens unit L2 moves with a locus convex toward the image side.
During Zooming from the wide-angle end to the telephoto
end, the third lens unit L3 moves toward the object side. The

10

fourth lens unit L4 moves with a locus convex toward the

object side (along a curve convex toward the object side) to
correct a change in image plane position caused by Zooming.
In the fifth exemplary embodiment, during Zooming from a
wide-angle end to a telephoto end, the second lens unit L2
moves toward the image side, and the fourth lens unit L4
moves with a locus convex toward the object side to correct a
change in image plane position caused by Zooming. During
Zooming, the first lens unit L1 and the third lens unit L3 do not

15

OVC.

In the sixth exemplary embodiment, during Zooming from
a wide-angle end to a telephoto end, the first lens unit L1 once
moves with a locus convex toward the image side and then
moves with a locus convex toward the object side. The second
lens unit L2 once moves with a locus convex toward the image
side and then moves with a locus convex toward the object

25

side. The third lens unit L3 and the fourth lens unit L4 move

30

toward the object side during Zooming from the wide-angle
end to the telephoto end. The fifth lens unit L5 moves with a
locus convex toward the object side to correct a change in
image plane position caused by Zooming.
In the first to fifth exemplary embodiments, a rear focus
system is employed in which the fourth lens unit L4 corrects
a change in image plane caused by Zooming and performs
focusing while moving on an optical axis (in the direction of
the optical axis). A curve 4a of a solid-line and a curve 4b of

35

a dotted-line about the fourth lens unit L4 in the lens cross

40

sectional view illustrate moving loci for correcting a change
in image plane caused by Zooming from a wide-angle end to
a telephoto end when performing focusing on an infinite
distance object and a near-distance object, respectively. In
performing focusing from an infinite-distance object to a
near-distance object at a telephoto end, as illustrated with an

When a refractive index at the d-line of the material of the

45

arrow 4c of the lens cross-sectional view, the fourth lens unit

L4 is moved forward (toward the object side).
Effective use of a space between the third lens unit L3 and
the fourth lens unit L4 is achieved and the total lens length is

6
convex toward the object side during Zooming. In the sixth
exemplary embodiment, the fourth lens unit L4 may perform
focusing.
In the first and third to fifth exemplary embodiments, the
aperture stop SP is arranged on the object side of the third lens
unit L3. In the second and sixth exemplary embodiments, the
aperture stop SP is arranged in the third lens unit L3. The
aperture stop SP moves integrally with the third lens unit L3
in the first, second, and sixth exemplary embodiments during
Zooming, and does not move in the fifth exemplary embodi
ment. In the third and fourth exemplary embodiments, the
aperture stop SP moves with a different locus from the other
lens units. In any of the exemplary embodiments, the aperture
stop SP is arranged between a lens surface of the second lens
unit L2 closest to the image side and a lens Surface of the third
lens unit L3 closest to the image side.
In this manner, the lens system is made compact by reduc
ing an incident height of an off-axis ray which passes through
a front lens diameter at Zoom positions from the wide-angle
end to the middle Zoom position.
In the third and fourth exemplary embodiments, the aper
ture stop SP and the third lens unit L3 move with different
Zoom loci (independently) Such that a distance between the
aperture stop SP and the third lens unit L3 widens and then
narrows at Zoom positions from the wide-angle end to the
middle Zoom position, and becomes the narrowest at the
telephoto end. In this manner, a light flux, which serves as a
flare component of a middle image height at the middle Zoom
position, is cut, and good optical performance is realized in
the entire Zoom range.
The third lens unit L3 includes, in order from the object
side to the image side, a positive lens G31 having an aspheric
Surface and a positive lens G32 having an aspheric Surface.
positive lens G31 is nd31, and an Abbe number and relative
partial dispersion of the material of the positive lens G32 are
vd32 and 0gF32, respectively, conditions below are satisfied:
indS1>1.63

(1)

w32>63.O

(2)

0gF32+0.005 vid32-0.5675

(3)

When the refractive indexes of the material at the g-line
(wavelength of 435.8 nm), the F-line (486.1 nm), the C-line
(656.3 nm), and the d-line (587.6 mm) are set to Ng, NF, NC,
and Nd, respectively, the Abbe-number vd and the relative
partial dispersion 0gF are quantities expressed by:

50

shortened because the fourth lens unit L4 moves with a locus

convex toward the object side during Zooming.
In the sixth exemplary embodiment, the fifth lens unit L5
corrects a change in image plane caused by Zooming and
performs focusing. A curve 5a of a solid-line and a curve 5b

55

of a dotted-line about the fifth lens unit L5 in the lens cross

sectional view illustrate moving loci for correcting a change
in image plane caused by Zooming from a wide-angle end to
a telephoto end when performing focusing on an infinite
distance object and a near-distance object, respectively. In
performing focusing from an infinite-distance object to a
near-distance object at a telephoto end, as illustrated with an

60

arrow 5c of the lens cross-sectional view, the fifth lens unit L5
is moved forward.

Effective use of a space between the fourth lens unit L4 and
the fifth lens unit L5 is achieved and the total lens length is
shortened because the fifth lens unit L5 moves with a locus

65

Next, the technical meanings of the above conditions will
be described. The condition (1) defines the material of the
positive lens G31 of the third lens unit L3 arranged closest to
the object side. The conditions (2) and (3) define the material
of the aspheric lens G32 having positive refractive power.
The height (light height) from the optical axis becomes
high when an axial light flux which has passed through the
second lens unit L2 having negative refractive power and has
become divergent light enters the positive lens G31 and the
positive lens G32. Since the light height becomes higher as
the Fno (F-number) of the lens system is made brighter,
spherical aberration occurs significantly from the positive
lens G31 and the positive lens G32. Therefore, spherical
aberration is corrected by employing an aspheric Surface for
each of the positive lens G31 and the positive lens G32.

US 8,873,155 B2
8
There are no restrictions in particular in upper limits of the
conditions (1) and (2) for obtaining an effect of the present
invention. However, if the upper limit is set in terms of restric
tions of a material that is easily obtained in general, the
availability of the material is further enhanced when the con

7
To reduce spherical aberration occurring on a lens Surface,
it is effective to increase a refractive index of the material of

the lens and to weaken curvature of the lens surface. However,

in a usual optical material, higher dispersion occurs as a
refractive index becomes larger. Therefore, spherical aberra
tion is excessively corrected relative to light having a short
wavelength, and a difference (chromatic spherical aberration)
in spherical aberration depending on wavelength becomes
large.
Therefore, chromatic spherical aberration, which cannot
be sufficiently corrected by the positive lens G31, is corrected
by using, for the positive lens G32, an aspheric Surface and a
material with low dispersion and anomalous dispersion prop

ditions below are satisfied:

10

erties.

If the refractive index of the material of the positive lens
G31 is lower than the limit of condition (1), the radius of

15

curvature of the lens Surface becomes Small and occurrence of

spherical aberration becomes too significant. Therefore, it
becomes difficult to correct spherical aberration on the
aspheric surface of the positive lens G31 and on the aspheric
surface of the positive lens G32, and it becomes difficult to
obtain a lens system with a bright Fno. Accordingly, a situa
tion where condition (1) extends below the limit thereof is not
If the Abbe number of the positive lens G32 becomes too
small with the lower limit of the condition (2) exceeded,
namely, dispersion becomes too significant. This is undesir
able because it becomes difficult to correct chromatic spheri
cal aberration occurring significantly from the positive lens

25

G31.

30

If the relative partial dispersion 0gF32, which defines the
anomalous dispersion properties of the material of the posi
tive lens G32, becomes too small with the lower limit of the

ind31 >1.66

(1a)

w32>6S.O

(2a)

0gf32+0.005 vid325-0.570

(3a)

(1c)

w32.<100

(2c)

and further,
indS1<1.95

(1d)

w32.<97

(2d)

With the configuration mentioned above, various aberra
tions can be appropriately corrected, and a Zoom lens with a
high Zoom ratio and high optical performance over the entire
Zoom range can be obtained.
In each exemplary embodiment, one or more of the follow
ing conditions can be satisfied. Focal lengths of the entire
Zoom lens at the wide-angle end and at the telephoto end are
settofvand ft, respectively. Focal lengths of the first lens unit
L1, the second lens unit L2, and the third lens unit L3 are set

desirable.

condition (3) exceeded, an effect of returning spherical aber
ration, which has been excessively corrected by the positive
lens G31 relative to light having a short wavelength, with the
positive lens G32 becomes small. Thus, correction of chro
matic spherical aberration becomes insufficient. Accordingly,
it would be disadvantageous if condition (3) reaches below its
stipulated limit.
With the above configuration in each exemplary embodi
ment, a Zoom lens having high optical performance is
obtained with the entire Zoom lens being compact, and with a
high Zoom ratio and a large aperture ratio of a bright Fino over
the entire Zoom range. However, the numerical ranges of the
conditions (1) to (3) can allow some variation, as long as the
values thereof do not go below the indicated limits. For
example, conditions (1) to (3) may be set as follows:

indS1<2.1
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to f1, f2, and f3, respectively. A focal length of the rear lens
group LR at the telephoto end is set to fR.
In the third lens unit, in order from the object side to the
image plane, focal lengths of the two positive lenses G31 and
G32 each having an aspheric surface are set to f31 and f32,
respectively. A lens surface of the positive lens G31 on the
object side is an aspheric Surface with a convex shape near the
optical axis and with weaker positive refractive power at a
position further away from the optical axis. A lens Surface of
the positive lens G32 on the object side is an aspheric surface
with a convex shape.
The maximum height at which an axial ray or an off-axis
ray passes through the lens surfaces of the positive lens G31
and the positive lens G32 on the object side during Zooming
from the wide-angle end to the telephoto end is set as a
reference. At this time, differences of a sag of a paraxial
radius of curvature of the lens surfaces of the positive lens
G31 and the positive lens G32 on the object side from a sag of
the aspheric shapes are set to Sagla and Sag2a, respectively.
A lens surface of the positive lens G31 on the image side has
a convex shape.
The maximum height at which an axial ray or an off-axis
ray passes through the lens surface of the positive lens G31 on
the image side duringZooming from the wide-angle end to the
telephoto end is set as a reference. At this time, a difference of
a sag of aparaxial radius of curvature of the lens Surface of the
positive lens G31 on the image side from a sag of the aspheric
shape is set to Sag1b. In this case, the sag is defined as a
distance from a normal drawn from the lens surface vertex to

According to this, a corrective effect of spherical aberra
tion including a difference depending on wavelength
increases, and a Zoom lens with a high Zoom ratio and a bright

55

Fno can still be obtained.

The effects indicated by the above conditions can be
obtained to the maximum (with higher precision) if the
numerical ranges of the conditions (1a) to (3a) are set as
follows:

the optical axis, and an amount measured from this normal in
a traveling direction of light is positive interms of sign. When
a sag from a paraxial radius of curvature is A (spherical) and
a sag of the aspheric shape is A (aspheric), a difference in Sag
“Sag is obtained as follows:
Sag A(spherical)-A(aspheric)

60

When the lens surface of the positive lens G31 on the image
side has a spherical shape, the difference Sag lb satisfies:

ind31 >1.68

(1b)

w32>67.O

(2b) 65 tive lens G32 is set to nd 32.

0gf32+0.005 vid325-0.573

(3.b)

A refractive index at the d-line of the material of the posi
It is assumed that the Zoom lens of each exemplary embodi
ment is used for an image pickup apparatus using a solid-state
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image sensor. At this time, an F-number of the entire Zoom
lens at the wide-angle end is set to Fnow. Lateral magnifica
tions of the second lens unit L2 at the wide-angle end and at
the telephoto end are set to B2w and B2t, respectively. The
maximum height at which an axial ray or an off-axis ray
passes through an object-side surface of the lens G31 is set to
hgt31a and the maximum light height at the image plane is set
to Ymax during Zooming from the wide-angle end to the
telephoto end. At this time, one or more of the following
conditions can be satisfied:

10
The condition (6) defines refractive power of the second
lens unit L2 and the third lens unit L3 relative to focal lengths
of the entire Zoom lens at the wide-angle end and at the
telephoto end. If an absolute value of refractive power of the
second lens unit L2 and the third lens unit L3 becomes too

10

large with the lower limit of the condition (6) exceeded, it
becomes advantageous for the reduction in total lens length.
However, at the wide-angle end, lateral chromatic aberration,
curvature of field, and astigmatism occur in a large amount
from the second lens unit L2, and spherical aberration occurs
in a large amount from the third lens unit L3. Therefore, it
becomes difficult to achieve a large aperture ratio.
Conversely, if an absolute value of refractive power of the
second lens unit L2 and the third lens unit L3 becomes too

15

0.0008<Sag1a/f31<0.0200

(7)

0.0001<|Sag2a1/f32-0.0120

(8)

0.2<fl/fig2.6

(10)
25

0.04.<(flfR) fil-2.60

(13)
30

<15.O

(14)

Next, the technical meanings of the above conditions will
be described. The condition (4) defines the focal length of the
rear lens group LR at the telephoto end. At the telephoto end,
a light height of an off-axis light flux which passes through
the rear lens group LR becomes high.
If the focal length of the rear lens group LR becomes too
small with the lower limit of the condition (4) exceeded,
namely, positive refractive power becomes too large, the light
height when an off-axis light flux enters the rear lens group
LR becomes high. Therefore, an effect of refracting an off
axis light flux in the direction of an optical axis at the tele
photo end becomes too strong. As a result, at the telephoto
end, the position of an exit pupil becomes too close to the
image plane, a difference in exit pupil position between the
telephoto end and the wide-angle end becomes large, and
telecentricity is deteriorated.
For this reason, image formation efficiency with a solid
state image sensor is reduced at a peripheral portion of the
screen. If positive refractive power of the rear lens group LR
becomes too small with the upper limit exceeded, a back
focus becomes long, making it difficult to reduce the total lens
length.
The condition (5) defines refractive power of the third lens
unit L3. If the refractive power of the third lens unit L3
becomes too large with the lower limit of the condition (5)
exceeded, it becomes advantageous for the reduction in total
lens length and an increase in Zoom ratio. However, curvature
of a lens Surface of a positive lens constituting the third lens
unit L3 becomes too high and an amount of occurrence of
spherical aberration becomes large, making it difficult to
achieve a large aperture ratio. If the refractive power of the
third lens unit L3 becomes too small with the upper limit
exceeded, a Zoom stroke of the third lens unit L3 for Zooming
becomes too large, and the total lens length increases.

35

40

45

50

55

small with the upper limit exceeded, Zoom strokes of the
second lens unit L2 and the third lens unit L3 for Zooming
become too large, and the total lens length increases.
The condition (7) defines an aspheric sag and refractive
power of a convex surface on the object side in the positive
lens G31 having an aspheric Surface. A sign of Sagla being
positive means that, in a maximum diameter of light passage,
aspheric Surface curvature of a convex shape is Smaller than
paraxial curvature, namely, positive refractive power is Small.
Since an axial ray passes through a high position in the entire
Zoom range in the positive lens G31, a corrective effect of
spherical aberration by an aspheric Surface is high.
If a difference in aspheric sag of a lens surface of the
positive lens G31 on the object side becomes too small with
the lower limit of the condition (7) exceeded, an effect of
correcting spherical aberration in the under direction
becomes insufficient. This spherical aberration occurs in an
axial ray passing through a peripheral portion of the positive
lens G31 and having a large light ratio. As a result, it becomes
difficult to achieve a large aperture ratio. Ifrefractive power of
the positive lens G31 becomes too small with the lower limit
of the condition (7) exceeded, refractive power of the positive
lens G32 has to be relatively increased. As a result, spherical
aberration occurs significantly from the positive lens G32.
Conversely, if the difference in the sag of the aspheric
shape becomes too large with the upper limit of the condition
(7) exceeded, spherical aberration is excessively corrected. If
refractive power of the positive lens G31 becomes too large
with the upper limit exceeded, spherical aberration occurring
at the positive lens G31 becomes so significant that it is
difficult to correct spherical aberration at this time by an
aspheric Surface or other lens units.
The condition (8) defines an aspheric sag and refractive
power when a lens surface of the positive lens G32, having an
aspheric Surface, on the object side has an aspheric and con
vex shape. The positive lens G32 has a function of correcting
chromatic spherical aberration, which cannot be sufficiently
corrected in the positive lens G31, as well as a function of
correcting spherical aberration occurring from the positive
lens G32. For this reason, a sign of the difference Sag2a in
aspheric Sag may be either positive or negative depending on
refractive power of the positive lens G31 and the positive lens
G32, or on a combination of the materials of the lenses.

60
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If an aspheric sag of the lens Surface of the positive lens
G32 on the object side becomes too small with the lower limit
of the condition (8) exceeded, spherical aberration occurring
from the positive lens G32 is insufficiently corrected.
Residual chromatic spherical aberration occurring from the
positive lens G31 is also insufficiently corrected. As a result,
it becomes difficult to achieve a large aperture ratio. If refrac
tive power of the positive lens G32 becomes too small with
the lower limit exceeded, refractive power of the positive lens
G31 becomes too strong and spherical aberration occurs sig
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nificantly from the positive lens G31, making it difficult to
correct spherical aberration at this time.
Conversely, if the aspheric sag becomes too large with the
upper limit of the condition (8) exceeded, spherical aberration
is excessively corrected. This excessive correction exces
sively increases a cancellation effect of spherical aberration
between the positive lens G31 and the positive lens G32, and
deteriorates resolving performance with a plurality of inflec
tion points generated in the spherical aberration. The degree
of deterioration in optical performance relative to the relative
decentration between the positive lens G31 and the positive
lens G32 becomes large, and the Zoom lens becomes very
sensitive to a manufacturing error. If refractive power of the
positive lens G32 becomes too large exceeding the maximum
value, spherical aberration occurs significantly from the posi
tive lens G32, and it becomes difficult to correct the spherical
aberration at this time with an aspheric surface or other

10

15

lenses.

The condition (9) defines refractive power of the second
lens unit L2. If the refractive power of the second lens unit L2
becomes too large with the lower limit of the condition (9)
exceeded, lateral chromatic aberration, curvature of field,

astigmatism and the like occur significantly from the second
lens unit L2, and Zoom variation of these types of aberration
becomes large. It becomes difficult to correct these types of
aberration with other lens units, and to achieve a large aper
ture ratio in the entire Zoom range. Conversely, if the refrac
tive power of the second lens unit L2 becomes too small with
the upper limit exceeded, a Zoom stroke of the second lens
unit L2 for Zooming becomes too large, thus increasing the
total lens length.
The condition (10) defines refractive power of the first lens
unit L1. If the refractive power of the first lens unit L1
becomes too large with the lower limit of the condition (10)
exceeded, axial chromatic aberration becomes too large at the
telephoto end, and it becomes difficult to obtain good optical
performance at the telephoto end. If the refractive power of
the first lens unit L1 becomes too small with the upper limit

ratio.

25

30

35

exceeded, the second lens unit L2 cannot have a sufficient

Zooming ratio, making it difficult to obtain a high Zoom ratio,
or a Zoom stroke of the second lens unit L2 for Zooming
becomes large, thus increasing the total lens length.
The condition (11) defines a relation between an F-number
and a Zoom ratio at the wide-angle end. If an F-number

40

relative to a Zoom ratio becomes too small with the lower limit

45

of the condition (11) exceeded, spherical aberration occurs
significantly from the third lens unit L3 and it becomes diffi
cult to maintain high optical performance over the entire
Zoom range. If an F-number relative to a Zoom ratio becomes
too large with the upper limit exceeded, it becomes difficult to
achieve a high Zoom ratio and a large aperture ratio.
The condition (12) defines a Zooming share of the second
lens unit L2. If the Zooming share of the second lens unit L2
becomes too small with the lower limit of the condition (12)
exceeded, it becomes difficult to achieve a high Zoom ratio. If
the Zooming share of the second lens unit L2 becomes too
large with the upper limit exceeded, various aberrations. Such
as lateral chromatic aberration, curvature of field, and astig
matism occur significantly from the second lens unit L2, and
a Zoom change of the aberrations becomes large. It becomes

12
lower limit of the condition (13) exceeded, a Zoom change of
an exit pupil position becomes too large. As a result, telecen
tricity is deteriorated and image formation efficiency with a
Solid-state image sensor is reduced at a peripheral portion of
the screen. Conversely, if the refractive power of the first lens
unit L1 and the rear lens group LR becomes too small with the
upper limit exceeded, the total lens length increases.
The condition (14) defines aspheric sags of the positive
lens G31 and the positive lens G32, i.e., a sharing ratio of the
amount of correcting spherical aberration by an aspheric Sur
face. The difference Sag1b is 0 when a lens surface of the
positive lens G31 on the image side has a spherical shape. If
the aspheric sag of the positive lens G31 becomes too small or
the aspheric sag of the positive lens G32 becomes too large
exceeding the lower limit of the condition (14), the sharing
ratio of the amount of correcting spherical aberration at the
positive lens G32 becomes too large.
Conversely, if the aspheric sag of the positive lens G31
becomes too large or the aspheric sag of the positive lens G32
becomes too small with the upper limit exceeded, the sharing
ratio of the amount of correcting spherical aberration at the
positive lens G31 becomes too large. In either case, therefore,
it becomes difficult to correct spherical aberration effectively
with the third lens unit L3, and to achieve a large aperture
The condition (15) defines a relation among the size of an
image sensor when a Zoom lens is used for an image pickup
apparatus having the image sensor, an F-number at the wide
angle end, and an effective diameter of the positive lens G31.
The maximum height hgt31a, at which an axial ray or an
off-axis ray passes through a lens Surface of the positive lens
G31 on the object side, determines the effective diameter of
the positive lens G31.
If the effective diameter of the positive lens G31 becomes
too small with the lower limit of the condition (15) exceeded,
it becomes difficult to secure a sufficient effective diameter

relative to an axial light flux of a bright F-number, and to
achieve a large aperture ratio. If the effective diameter of the
positive lens G31 becomes too large with the upper limit
exceeded, spherical aberration occurs significantly from the
positive lens G31. It thus becomes difficult to correct spheri
cal aberration at this time with aspheric surfaces of the posi
tive lens G31 and the positive lens G32, and to obtain high
optical performance while achieving a large aperture ratio.
The numerical ranges of the above conditions can be set as
follows:

50
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0.3<fl/fig2.3

(10a)

0.083Fnow/(fi/fiv)<0.45

(11a)

0.07<(flfR) fil-2.40

(13a)

60

difficult to correct the aberrations at this time with other lens

units, and to achieve a large aperture ratio in the entire Zoom
range.

The condition (13) defines refractive power of the first lens
unit L1 and the rear lens group LR at the telephoto end. If the
refractive power of the first lens unit L1 and the rear lens
group LR at the telephoto end becomes too large with the

65

(nd32-1))<12

(14a)
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The effects indicated by the above conditions can be
obtained to the maximum if the numerical ranges of the
conditions are set as follows:

10

0.4<fl/fig2.0

(10b)

0.1<(flfR) fil-2.2

(13b)

0.6<Sagla-Sag1b (nd31-1)/(Sag2a(nd32-1)<9.0

(14b)

15

lens G32.
25

The positive lens G31 can have a biconvex shape. With this
configuration, refractive power of the positive lens can be
shared between the two lens surfaces on the object side and on
the image side, and curvature of the lens Surfaces can be
weakened. Therefore, occurrence of spherical aberration

30

decreases.

The third lens unit L3 can include three or more positive
lenses. With this configuration, refractive power of the third
lens unit L3 can be shared among the respective positive
lenses and heightened while keeping curvature of the lens
Surfaces weak. Therefore, it becomes easy to achieve a high
Zoom ratio while maintaining a large aperture ratio in the
entire Zoom range.
According to each exemplary embodiment, by setting the
respective constituent elements as mentioned above, a Zoom
lens having high optical performance can be obtained, with
the entire Zoom lens being compact. This Zoom lens also has
a high Zoom ratio and a large aperture ratio with a bright Fno
over the entire Zoom range.
Features of the lens configurations according to the respec
tive exemplary embodiments will be described below. In the
first exemplary embodiment, the first lens unit L1 includes a
cemented lens including a negative lens (lens having negative
refractive power) of a meniscus shape with its convex surface
facing the object side, and a positive lens (lens having positive
refractive power) of a meniscus shape with its concave Sur
face facing the image side. With this configuration, at the
telephoto end, chromatic aberration and a change in lateral
chromatic aberration caused by Zooming are corrected. The
materials of the negative lens and the positive lens are selected
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The occurrence of spherical aberration is thus Suppressed by
keeping curvature of the lens Surfaces not so high while
increasing refractive power of the first lens unit L1.
The second lens unit L2 includes three lenses, i.e., in order

Spherical aberration occurring from the third lens unit L3
is suppressed by sharing positive refractive power with the
positive lens G34 arranged closest to the image plane among
the third lens unit L3. A material having anomalous disper
sion properties is used for the positive lens G34, thereby
Suppressing generation of secondary spectrum from the third
lens unit L3. The fourth lens unit L4 includes a cemented lens

obtained by joining a biconvex positive lens and a biconcave
negative lens, and thus Suppresses changes in axial chromatic
aberration and lateral chromatic aberration caused by focus
ing. The aperture stop SP is arranged on the object side of the
third lens unit L3, and moves integrally with the third lens unit
L3 during Zooming.
The lens configuration of the second exemplary embodi
ment is similar to that of the first exemplary embodiment
except that, in the second exemplary embodiment, the aper
ture stop SP is arranged between the positive lens G31 and the
positive lens G32 of the third lens unit L3. With this configu
ration, compared with a case where the aperture stop SP is
arranged on the object side of the third lens unit L3, a distance
between the second lens unit L2 and the third lens unit L3 is

45

such that a refractive index thereof at the d-line is 1.8 or more.

from the object side to the image side, a negative lens of a
meniscus shape with its concave surface facing the image
side, a negative lens with both lens Surfaces having a concave
shape, and a positive lens of a meniscus shape with its convex
surface facing the object side. With this configuration,
changes in various aberrations. Such as lateral chromatic
aberration, curvature of field, and astigmatism, caused by

14
Zooming are effectively corrected. The third lens unit L3 has
the following configuration in order from the object side to
the image side.
The third lens unit L3 includes four lenses, i.e., positive
lenses G31 and G32, a negative lens G33, and a positive lens
G34. The positive lens G31 has a convex shape on both lens
surfaces thereof, with curvature stronger on the object side
than on the image side. The positive lens G32 has a lens shape
similar to that of the positive lens G31. The negative lens G33
has a concave shape on both lens Surfaces thereof, with cur
Vature stronger on the image side than on the object side. The
positive lens G34 has a meniscus shape with its convex Sur
face facing the image side.
Both surfaces of the positive lens G31 have an aspheric
shape, and a lens surface of the positive lens G32 on the object
side has an aspheric shape. With this configuration, spherical
aberration is corrected effectively relative to wavelengths of
the entire visible light region, and a bright F-number is real
ized over the entire Zoom range. Chromatic aberration occur
ring from the third lens unit L3 is reduced by constituting a
cemented lens, which includes the positive lens G32 and the
negative lens G33 arranged on the image side of the positive

shortened at the telephoto end, thus reducing the total lens
length at the telephoto end. By changing the maximum diam
eter of the aperture stop SP depending on a Zoom position, a
desired F-number can be obtained for each Zoom position.
In the third exemplary embodiment, the lens configurations
of the first lens unit L1 and the third lens unit L3 are similar to

those of the first exemplary embodiment. The second lens unit
L2 includes four lenses, i.e., in order from the object side to
the image side, two negative lenses of a meniscus shape with
their concave Surfaces facing the image side, a biconcave
negative lens, and a positive lens of a meniscus shape with its
convex surface facing the object side.
This configuration effectively corrects changes in various
aberrations, such as lateral chromatic aberration, curvature of
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field, and astigmatism, caused by Zooming. The fourth lens
unit L4 includes a positive lens of a meniscus shape with its
convex surface facing the object side, and improvement in the
focusing speed is facilitated by reducing the weight of the
lens. Changes in curvature offield and astigmatism caused by
focusing and Zooming are Suppressed by employing an
aspheric shape for both lens Surfaces.
The aperture stop SP is arranged between the second lens
unit L2 and the third lens unit L3. The second lens unit L2 and
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the third lens unit L3 are moved with different loci, by chang from the third lens unit L3 during Zooming from the wide
ing the maximum diameter of the aperture stop SP during angle end to the telephoto end, and thus a high Zoom ratio is
Zooming. In this manner, a desired F-number can be obtained obtained.
at each Zoom position. The aperture stop SP effectively cuts
The fifth lens unit L5 includes a cemented lens obtained by
flare light of a middle image height generated significantly 5 joining a biconvex positive lens and a negative lens of a
upon attaining a large aperture ratio, and high optical perfor meniscus shape with its convex surface facing the image side,
and thus Suppresses changes in axial chromatic aberration
mance is obtained over the entire Zoom range.
The lens configuration of the fourth exemplary embodi and lateral chromatic aberration caused by focusing. Note
ment is similar to that of the first exemplary embodiment. As that the fourth lens unit L4 may perform focusing.
in the third exemplary embodiment, the aperture stop SP 10 In the first to fourth and sixth exemplary embodiments, an
moves and the maximum diameter thereof is controlled dur
image height near the wide-angle end may be set to differ
ing Zooming.
from those at other Zoom positions. By doing so, an effective
In the fifth exemplary embodiment, the first lens unit L1 diameter of a lens unit on the object side of the aperture stop
includes a cemented lens obtained by joining a negative lens SP can be reduced, thus making the lens system compact.
of a meniscus shape with its convex surface facing the object 15 Since the Zoom lens has negative distortion near the wide
side, and a biconvex positive lens with stronger curvature on angle end, barrel-shaped distortion occurs on the image
the object side than on the image side. The first lens unit L1 plane. In this case, an image formation point on the image
further includes a positive lens of a meniscus shape with its plane relative to the object point is located at an image height
convex surface facing the object side. That is, the first lens lower than an ideal image height. This difference in position
unit L1 includes three lenses in total. With this configuration, of the image formation point may be electrically corrected to
at the telephoto end, chromatic aberration and changes in reduce distortion.
Note that an image formation position may be moved in a
lateral chromatic aberration caused by Zooming are cor
rected, and a high Zoom ratio of 14 or more is achieved. The direction perpendicular to the optical axis by entirely or par
tially moving the third lens unit L3 in a direction having a
second lens unit L2 includes three lenses, i.e., in order from
the object side, a negative lens of a meniscus shape with its 25 component perpendicular to the optical axis. That is, an image
concave surface facing the image side, a biconcave negative shake of a photographed image may be corrected. In the sixth
lens, and a positive lens of a meniscus shape with its convex exemplary embodiment, an image shake of a photographed
Surface facing the object side.
image may be corrected by moving the fourth lens unit L4 in
With this configuration, changes in various aberrations, a direction having a component perpendicular to the optical
Such as lateral chromatic aberration, curvature of field, and

astigmatism, caused by Zooming are effectively corrected.
The third lens unit L3 includes four lenses, i.e., in order from
the object side, a positive lens G31 with curvature stronger on
the object side than on the image side, a positive lens G32
having a lens configuration similar to that of the positive lens
G31, a negative lens of a meniscus shape with its concave
Surface facing the image side, and a positive lens of a menis
cus shape with its convex surface facing the image side. The
fourth lens unit L4 includes a cemented lens obtained by
joining a biconvex positive lens and a negative lens of a
meniscus shape with its convex surface facing the image side,
and thus Suppresses changes in axial chromatic aberration
and lateral chromatic aberration caused by focusing.
The aperture stop SP is arranged on the object side of the
third lens unit L3, and does not move during Zooming. A
desired F-number can be obtained at each Zoom position by
changing the maximum diameter of the aperture stop SP
depending on the Zoom position.
In the sixth exemplary embodiment, the first lens unit L1
has a lens configuration similar to that of the fifth exemplary
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embodiment. The second lens unit L2 includes three lenses,

i.e., a biconcave negative lens with curvature stronger on the
image side than on the object side, a biconcave negative lens
with curvature stronger on the object side than on the image
side, and a biconvex positive lens. This configuration effec
tively corrects changes in various aberrations, such as lateral
chromatic aberration, curvature of field, and astigmatism,
caused by Zooming. Although the configurations of the third
lens unit L3 and the aperture stop SP are similar to those of the
second exemplary embodiment, the positive lens arranged
closest to the image plane has a biconvex shape.
This increases a sharing ratio of positive refractive power,
increases positive refractive power of the third lens unit L3,
and achieves a high Zoom ratio of about 10. The fourth lens
unit L4 includes a negative lens of a meniscus shape with its
convex surface facing the image side. The fourth lens unit L4
has a Zooming function by moving to increase the distance

55

60

65

As mentioned above, according to each exemplary
embodiment, a Zoom lens having high optical performance
can be obtained, with the entire Zoom lens being compact.
This Zoom lens also has a high Zoom ratio and a bright Fno
over the entire Zoom range.
An exemplary embodiment of a digital camera (image
pickup apparatus) using the Zoom lens according to an exem
plary embodiment of the present invention as a photographic
optical system will be described below with reference to FIG.
13. FIG. 13 illustrates a digital camera body 20, a photo
graphic optical system 21 constituted by the Zoom lens
according to the above exemplary embodiments, an image
sensor (photoelectric conversion element) 22 such as a CCD
sensor configured to receive an object image (image) formed
by the photographic optical system 21, a recording unit 23
configured to record the object image received by the image
sensor 22, and a viewfinder 24 for observing an object image
displayed on a display element (not illustrated).
The above-mentioned display element includes a liquid
crystal panel, for example, and an object image formed on the
image sensor 22 is displayed thereon. By applying the Zoom
lens according to an exemplary embodiment of the present
invention to an image pickup apparatus Such as a digital
camera in this manner, a compact image pickup apparatus
having high optical performance is realized.
The Zoom lens according to each exemplary embodiment
of the present invention is also applicable to a mirrorless
non-reflex camera without a quick-return mirror.
Specific numerical data of numerical examples 1 to 6
respectively corresponding to the first to sixth exemplary
embodiments will be listed below. In the numerical examples,
i denotes the number of a surface counted from the object
side. ridenotes a radius of curvature of the i-th optical surface
(i-th surface). di denotes an axial distance between the i-th
surface and the (i+1)th surface. ndi and voli denote a refractive
index and an Abbe number, respectively, of the material of the
i-th optical member at the d-line. Two surfaces closest to the
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image side correspond to the glass block G. When an X axis
is assumed in an optical axis direction, an Haxis is assumed
in a direction perpendicular to the optical axis, the traveling
direction of light is positive, R represents a paraxial radius of
curvature, Krepresents a conic constant, and A4 to A12 each
represent an aspheric coefficient, the aspheric shape is
expressed by:

18
-continued
Unit: mm
Various data
Zoom ratio: 4.79

5

Wide-angle

Middle

Telephoto

6.24
1.75
37.26
4.28
60.18
7.15
O.29
19.29
3.68
S.82

13.68
2.16
19.25
4.65
60.04
10.22
8.61
6.77
4.67
8.90

29.89
2.84
8.79
4.65
73.55
8.06
17.34
2.50
15.87
6.74

Focal length
10 F-number

H2
X=

R

Half angle of view (degree)
Image height
Total lens length

+ A3H + A4H +A5H +
H 2

1 + 1 - (1 + K)()

BF

A6H + A7H7+ A8H8+A9H +A10H +A12H2

15

17
d20

an asterisk “*” next to a surface number is indicative of a

Zoom lens unit data

Surface having an aspheric shape. The notation "e-X” means
10. BF is a back focus and represents an air-equivalent
distance from the last lens Surface to the image plane. Rela

Unit

Start surface

Focal length

10
18

49.70
-9.69
15.39
27.37

tions between the above-mentioned conditions and the

numerical examples are listed in Table 1. A half angle of view
is the value calculated by ray tracing.
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Numerical Example 1
Numerical Example 2
30

Unit: mm
Surface data
Surface number

r

Surface data
d

ind

Surface number

wd

r

d

ind

35
1
2

25.017
18.42O

1.20
S.11

3

63.744

(variable)

4
5
6
7
8

31.426
7.979
-35.773
21040
16.642

O.90
5.44
O.70
O.89
1.74

40.798
ce

(variable)
O.80

11:
12:
13:
14
15
16

11:210
-24.997
13.695
- 68.097
7.740
-12.068

3.05
O.20
2.25
O60
1.99
1.25

17

-8.906

(variable)

18
19

17.981
-21.166

3.06
O60

2O

61.333

(variable)

9
10 (stop)

21

ce

1.10

22

ce

O60

Image plane

ce

195906
183481

17.5
42.7

28.118
20.642

1.00
5.31

85.837

(variable)

1.883OO

40.8

1.71300

53.9

200272

19.3

44.702
8.129
-31250
22.121
18.405

O.70
S.O2
O.SO
1.41
1.70

41.248

(variable)

1.693SO

40

10*
11:

53.2

14971O
1.6989S

81.6
30.1

1.59522

67.7

191082
192286

35.3
18.9

1.S1633

64.1

Aspheric Surface data

45

50

12 (stop)
13:
14
15
16
17
18
19

K= O.OOOOOe--OOO
A8 = 1.39289e-OO7

35.3

49.5

-8.103

(variable)

17.073
-66.870

2.75
O.SO

84.668

(variable)

59522
85.478

67.7
24.8

497OO

81.5

91082
.95906

35.3
17.5

S1633

64.1

Aspheric Surface data
10th surface

A4 = -2.04663e-004
A10 = 2.71327e-O09
12th surface

A6 = -2.18O28e-006

A4 = 8.02434e-OOS

A6 = -3.854.11e-OO6

A4 = 496525e-OOS
A10 = 1.61498e-009

2.29
O.SO
1.76
1.72

ce

55

K= 7.25807e-OO1
A8 = 227348e-008

A4

11th surface

60
K= OOOOOOe--OOO
A8 = -1.45975e-OO8

13th surface
K = -1.23460e-001
A8 = 1.84140e-OO7

14.758
-25.169
9.512
-13.012

Image plane

11th surface
K = 4.262O9e-OO1
A8 = -7.37121e-OO8

2.86
O.90
O.90

1.10
O.SO

91082

16.8

ce

ce
ce

17.5
40.8

58.5

12.509
-31.063

21
22

.95906
883OO

A4 = -2.76945e-005

A6 = 2.79454e-OO6

13th surface
A6 = -6.32488e-008

A4 = -2.0987Oe-004
65

A6 = 5.04476e-OO6

US 8,873,155 B2
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20

-continued

-continued

Various data
Zoom ratio: 4.79

21st Surface

Wide-angle

Middle

Telephoto

6.24
18O
37.26
4.28
58.47
6.61
O.69
17.65
3.71
5.38

13.38
2.10
1948
4.65
57.04
10.69
7.8O
5.08
3.66
9.46

29.89
2.60
8.83
4.65
71.09
10.44
17.49
O.60
12.74
9.22

Focal length
F-number

Half angle of view (degree)
Image height
Total lens length
BF

17
d20

K= OOOOOOe--OOO
A8 = 4.05O18e-008

Various data
Zoom ratio: 4.82

Start surface

Focal length

1
4
10
18

47.O3
-9.16
15.15
23.60

Wide-angle

Middle

Telephoto

Focal length

6.2O

13.63

29.86

F-number

1.85

2.30

2.88.

37.11

19.00

8.76

4.23
59.94

4.65
59.57

4.65
70.58

7.13
O.40
20.57
1.59
4.OO
5.97

9.91
9.23
7.08
1.74
5.36
8.76

8.32
18.87
2.85
O.60
13.69
7.16

10

Half angle of view (degree)
Image height
15 Total lens length

Zoom lens unit data
Unit

A4 = -7.74213e-OOS

BF
d3
d11
d12
d19
d21

Zoom lens unit data

Unit

Start surface

Focal length

1
2
3
4

1
4
13
2O

50.67
-10.42
15.10
29.84

25

Numerical Example 3
Surface data

30

Surface number

1O
11

12 (stop)
13:
148
15:
16
17
18
19
20:8
21:
22
23

Image plane

r

d

30.651
21.617

O.9S
4.33

121.208

(variable)

62.677
9.091
17.177
11.108
-29.145
84.910
15.490

O.70
2.45
O.70
3.33
O.70
O.20
1.27

26.324

(variable)

ce
10.918
-33.882
12.812
83.724
7.166
-15.794

(variable)
2.94
O.33
2.22
0.75
18O
1.60

-9.238

(variable)

ind

wd

92.286
83481

18.9
42.7

772.50

49.6

772.50

49.6

48749

70.2

.95906

17.5

772.50

49.5

55332
84666

71.7
23.8

Numerical Example 4
35

Surface data
Surface number

40

45

r

d

ind

wd

1
2

25.130
19.602

1.00
S.10

.95906
816OO

17.5
46.6

3

79.701

(variable)

4
5
6
7
8

38.809
8.910
-41.275
16.248
17.094

O.80
S.16
O.60
1.35
1.96

95874

32.3

51.725
ce

(variable)
(variable)

497OO

81.5

9
10 (stop)

768O2

49.2

S1633

64.1

11:
12:
13:
14
15
16

1O.O12
-35.342
21.915
-23.835
8.669
-11751

3.64
O.20
2.19
O.60
2.14
1.42

Aspheric Surface data

17

-7.718

(variable)

13th surface

18
19

15.01.1
-89.579

2.63
O.60

2O

39.342

(variable)

15.678

1.97

46.933

(variable)

ce

1.00

ce

OSO

50

ce

55
A4 = -1.25915e-004

14th surface

21

ce

1.10

22

ce

O.SO

Image plane

ce

Aspheric Surface data

A4 = 1.33133e-004

15th surface
K= 1.13028e-OO1
A8 = 9.52315e-008

A4 = 1.1721Oe-004

60

11th surface
K= 6.78386e-OO1
A8 = 6.981 64e-008

A4 = -1.008O3e-004
A10 = -244475e-O09
12th surface

65 K= OOOOOOe--OOO
A8 = 2.19062e-008

A4 = 6.50217e-OOS
A10 = -2.68783e-O1O

20th surface
K= O.OOOOOe--OOO
A8 = 4.14261e-008

A4 = -5.22690e-OOS
A10 = -155541e-O1O

6S160

58.5

.95906

17.5

.82O8O

42.7

59522
84666

67.7
23.9

497OO

81.5

91082
.95906

35.3
17.5

S1633

64.1

US 8,873,155 B2

K= O.OOOOOe--OOO
A8 = 3.224.56e-008

21

22

-continued

-continued

13th surface

Various data
Zoom ratio: 14.62

A4 = -3.18719e-004

Various data
Zoom ratio: 4.00

Wide-angle

Middle

Telephoto
10

Focal length

6.OO

12.10

F-number

1.53

2.00

24.00
2.28

Half angle of view (degree)

38.33

21.59

10.95

Image height
Total lens length

4.28
6O45

4.65
56.54

4.65
66.12

BF
d3
d9
d10
17
d20

6.23
O.30
17.96
3.05
3.51
S.OO

8.94
5.64
6.58
1.18
4.82
7.71

8.10
14.48
1.90
1.43
10.82
6.88

Wide-angle

Middle

Telephoto

Focal length

4.21

F-number

1.70

16.22
2.60
7.88
2.25
59.14
12.14
13.24
7.29
2.67
10.36

61.62
2.80
2.08
2.25
59.14
6.OS
19.73
O.80
8.76
4.27

Half angle of view (degree)
Image height
Total lens length

29.08
2.25
59.14

BF
S
d11
15 d20
d23

7.85
O.65
1988
6.96
6.07

Zoom lens unit data
Unit

Start surface

Focal length

1
2
3
4

1
6
12
21

30.56
-5.67
15.29
19.04

Zoom lens unit data

Unit

Start surface

Focal length

1
2
3
4

1
4
11
18

45.74
-992
15.20
26.12
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Numerical Example 6
Numerical Example 5

30

Surface data
Surface data

Surface number

ind

r

d

31.941
21494
389497
25.287

O.70
3.00
O.13
2.00

105.488

(variable)

-16O176
6.231
-12.S25
38.481
22.729

O.40
2.61
O.40
O.36
1.35

-37.936

(variable)

9.983
-315.230

1.81
O.92

ce

O.9S

35
Surface number

r

d

1
2
3
4

38.028
21.290
-37187.686
19811

1.00
4.OO
O.20
2.60

5

S1812

(variable)

6
7
8
9
10

32.230
4.759
-24.051
18.543
9.377

O60
2.35
OSO
O.34
1.20

21.129
ce

(variable)
O.70

11
12 (stop)
13:
14
15:
16
17
18
19

18.373
-342.165
11.071
-26.997
18.211
8.561
-10.177

ind

84666
60311

1.60
O.S2
2.00
O.12
OSO
2.01
1.20

2O

-8.592

(variable)

21
22

19.233
-19.436

18O
0.55

23

-49.560

(variable)

24

ce

1.94

25

ce

OSO

Image plane

ce

wd

23.9
60.6

6968O

55.5

883OO

40.8

772.50

49.6

.95906

17.5

40

45

1O
11
12:
13

18.6O1
966.804
8.748
14.589

1.28
O.SO
O.32
2.15

50

15:
16
17
18
19

-9.676

(variable)

-8.119

O.40

21
22
23
24
25
26

-2O.290

(variable)

25.112
-15.972

2.10
O.SO

-27.452

(variable)

14 (stop)
74330

49.3

49710

81.6

84666

23.9

48749

70.2

804OO
.95906

46.6
17.5

S1633

64.1

55

Image plane

ce
ce

O.80
O.SO

84666
497OO

23.9
81.5

6968O

55.5

91082

35.3

804OO

46.6

.95906

17.5
45.5

43700
84666

95.1
23.9

59522

67.7

59522

67.7

788OO
92.286

47.4
18.9

S1633

64.1

ce

Aspheric Surface data
Aspheric Surface data
12th surface

60

13th surface

K= -2.83813e--OOO
A8 = -2.08564e-OO7

A4 = -1.34721e-OOS

15th surface
15th surface
A4 = -150771e-004
K = 4.87468e-OO2

A6 = 5.41178e-006

65

A6 = -6.94081e-OO6

US 8,873,155 B2
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wherein the rear lens group has positive refractive power in
an entire Zoom range from the wide-angel end to the
telephoto end, and an aperture stop is arranged between
a lens Surface of the second lens unit closest to the image

23
-continued
Various data
Zoom ratio: 10.01

Wide-angle

Middle

Telephoto

Focal length

4.62

1488

46.2O

F-number

1.85

2.47

3.30

Half angle of view (degree)

38.85

13.80

4.45

Image height
Total lens length

3.10
48.77

3.63
S3.91

3.63
64.59

BF
S
d11
d19
d21
d24

6.77
1.03
14.98
1.65
2.46
5.75

11. SO
9.39
3.59
3.03
4.52
10.48

5.72
18.46
O.80
S.82
11.91
4.69

side and a lens surface of the third lens unit closest to the

image side,
wherein the third lens unit includes, in order from the
10

object side to the image side, a first positive lens includ
ing an aspheric Surface, a second positive lens including
an aspheric Surface, and a negative lens, and
wherein, when a refractive index of a material of the first

positive lens at d-line is nd31, and an Abbe number and
relative partial dispersion of a material of the second
positive lens are vd32 and 0gF32, respectively, condi
15

tions below are satisfied:

Zoom lens unit data

Unit

Start surface

Focal length

1
2
3
4
5

1
6
12
2O
22

33.64
-6.10
10.22
-23.02
18.04

0gF32+0.005 vid32-0.5675.

25

2. The Zoom lens according to claim 1, wherein, when a
focal length of the entire Zoom lens at the telephoto end is ft,
and a focal length of the rear lens group at the telephoto end
is fR, a condition below is satisfied:

TABLE 1.
Condi-

Numerical Examples

tions

1

2

3

4

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

1694
81.6
0.579
O.916
2.469
-O.801
O.O111
O.OO21
O.324
1663
O.365
2.082
1523
4.574
O.608

1773
67.7
0.578
O.789
2.430
-0.745
O.OO39
O.OO2S
O.306
1.573
O.365
2.145
1242
1889
O.S90

1773
71.7
0.576
O.999
2.435
-0.850
O.OO96
O.OO13
O.349
1.697
O.385
2.129
1696
S.254
O.S63

1821
67.7
0.578
1.088
2.533
-1.047
O.OO14
O.OO89
O413
1906
O.383
1915
2.074
0.756
O.794

5

6

30
1.743
1801
81.6
95.1
O.S79
O.S81
O.309
O499
3.627
2.212
-0.333 -0.292 35
O.OO2O O.OO40
O.OOS2 O.OOO3
O.O92
O.132
O.496
O.728
O.116
0.185
16.566
3.897 40
O.153
0.765
O.832
7.321
O.S88
O.477

While the present invention has been described with refer
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
Such modifications and equivalent structures and functions.
This application claims the benefit of Japanese Patent
Application No. 2012-169521 filed Jul. 31, 2012, which is
hereby incorporated by reference herein in its entirety.
What is claimed is:

1. A Zoom lens comprising, in order from an object side to
an image side:
a first lens unit having positive refractive power;
a second lens unit having negative refractive power,
a third lens unit having positive refractive power, and
a rear lens group including one or more lens units,
wherein, at a telephoto end compared with a wide-angle

50

55

group changes,

6. The Zoom lens according to claim 1, wherein, when a
focal length of the second lens unit is f2, a focal length of the
third lens unit is f3, a focallength of the entire Zoom lens at the
wide-angle end is fw, and a focal length of the entire Zoom
lens at the telephoto end is ft, a condition below is satisfied:
7. The Zoom lens according to claim 1, wherein, when a
focal length of the first positive lens in the third lens unit is
f31, a lens surface of the first positive lens on the object side
has a convex and aspheric shape in which positive refractive
power becomes weaker in a direction away from an optical
axis, and, at a maximum incident height at which an axial ray
or an off-axis ray passes through the lens Surface of the first
positive lens on the object side during Zooming from the
wide-angle end to the telephoto end, a difference of a sag of a
paraxial radius of curvature of the lens surface of the first
positive lens on the object side from a sag of the aspheric
shape is Sagla, a condition below is satisfied:
0.0008<Sag1a/f31<0.0200

60

end, a distance between the first lens unit and the second
lens unit and the third lens unit becomes Smaller, and a

below is satisfied:

45

lens unit becomes larger, a distance between the second
distance between the third lens unit and the rear lens

3. The Zoom lens according to claim 1, wherein the first
positive lens has a biconvex shape.
4. The Zoom lens according to claim 1, wherein the third
lens unit includes three or more positive lenses.
5. The Zoom lens according to claim 1, wherein, when a
focal length of the entire Zoom lens at the wide-angle end is
fw, and a focal length of the third lens unit is f3, a condition

65

8. The Zoom lens according to claim 1, wherein, when a
focal length of the second positive lens in the third lens unit is
f32, a lens surface of the second positive lens on the object
side has a convex and aspheric shape, and, at a maximum
incident height at which an axial ray or an off-axis ray passes
through the lens surface of the second positive lens on the
object side during Zooming from the wide-angle end to the
telephoto end, a difference of a sag of a paraxial radius of

US 8,873,155 B2
25
curvature of the lens surface of the second positive lens on the
object side from a sag of the aspheric shape is Sag2a, a

26
aspheric shape is Saglb, and refractive indexes at d-line
of materials of the first positive lens and the second
positive lens of the third lens unit are nd31 and nd32,
respectively, a condition below is satisfied:

condition below is satisfied:
5

9. The Zoom lens according to claim 1, wherein, when a
focal length of the second lens unit is f2, and a focallength of
the entire Zoom lens at the telephoto end is ft, a condition
below is satisfied:
10

10. The Zoom lens according to claim 1, wherein, when a
focal length of the first lens unit is f1, and a focal length of the
entire Zoom lens at the telephoto end is fi, a condition below
is satisfied:

15

15. The Zoom lens according to claim 1, wherein a lens unit
arranged closest to the image side moves with a locus convex
toward the object side during Zooming from the wide-angle
end to the telephoto end.
16. The Zoom lens according to claim 1, wherein the Zoom
lens forms an image on a solid-state image sensor.
17. An image pickup apparatus comprising:
a Zoom lens; and

a solid-state image sensor configured to receive an image
formed by the Zoom lens,
wherein the Zoom lens comprises, in order from an object
side to an image side, a first lens unit having positive
refractive power, a second lens unit having negative
refractive power, a third lens unit having positive refrac
tive power, and a rear lens group including one or more

11. The Zoom lens according to claim 1, wherein, when an
F-number and a focal length of the entire Zoom lens at the
wide-angle end are Fnow and fw, respectively, and a focal
length of the entire Zoom lens at the telephoto end is ft, a
condition below is satisfied:

lens units,

12. The Zoom lens according to claim 1, wherein, when a
lateral magnification of the second lens unit at the wide-angle
end is 32w, and a lateral magnification of the second lens unit
at the telephoto end is 32t, a condition below is satisfied:
13. The Zoom lens according to claim 1, wherein, when a
focal length of the first lens unit is fl, a focal length of the rear
lens group at the telephoto end is fR, and a focal length of the
entire Zoom lens at the telephoto end is fi, a condition below

wherein, at a telephoto end compared with a wide-angle
25

lens unit and the third lens unit becomes Smaller, and a
distance between the third lens unit and the rear lens
30

14. The Zoom lens according to claim 1, wherein, when a
lens surface of the first positive lens on the object side has a
convex and aspheric shape in which positive refractive power
becomes weaker in a directionaway from an optical axis, and,
at a maximum incident height at which an axial ray or an
off-axis ray passes through the lens Surface of the first positive
lens on the object side during Zooming from the wide-angle
end to the telephoto end, a difference of a sag of a paraxial
radius of curvature of the lens surface of the first positive lens
on the object side from a sag of the aspheric shape is Sagla,
a lens Surface of the second positive lens on the object side
has a convex and aspheric shape, and, at a maximum
incident height at which an axial ray or an off-axis ray
passes through the lens Surface of the second positive
lens on the object side during Zooming from the wide
angle end to the telephoto end, a difference of a sag of a
paraxial radius of curvature of the lens surface of the
second positive lens on the object side from a sag of the
aspheric shape is Sag2a, and
at a maximum incident height at which an axial ray or an
off-axis ray passes through the lens Surface of the first
positive lens on the image side during Zooming from the
wide-angle end to the telephoto end, a difference of a sag
of a paraxial radius of curvature of the lens surface of the
first positive lens on the image side from a sag of the

group changes,
wherein the rear lens group has positive refractive power in
an entire Zoom range, and an aperture stop is arranged
between a lens surface of the second lens unit closest to

the image side and a lens Surface of the third lens unit
closest to the image side,

is satisfied:

0.04.<(flfR) fil-2.60

end, a distance between the first lens unit and the second

lens unit becomes larger, a distance between the second

35

wherein the third lens unit includes, in order from the

object side to the image side, a first positive lens includ
ing an aspheric Surface, a second positive lens including
an aspheric Surface, and a negative lens, and
wherein, when a refractive index at d-line of a material of
40

the first positive lens is nd31, and an Abbe number and
relative partial dispersion of a material of the second
positive lens are vd32 and 0gF32, respectively, condi
tions below are satisfied:

45

0gF32+0.005 vid32-0.5675.
50

18. The image pickup apparatus according to claim 17.

55

wide-angle end is Fnow, a maximum incident height at which
an axial ray or an off-axis ray passes through the lens Surface
of the first positive lens on the object side of the third lens unit
during Zooming from the wide-angle end to the telephoto end
is hgt31a, and a maximum light incident height at an image
plane is Ymax, a condition below is satisfied:

wherein, when an F-number of the entire Zoom lens at the

k

k

k

k

k

